Functional neuroimaging studies have implicated amygdaloid and basal forebrain regions, including sublenticular extended amygdala (SLEA), in the mediation of aversive emotional responses. However, it is not clear whether SLEA responds to 'aversiveness' or to general stimulus salience. We predicted that both pleasant and aversive stimuli would activate this region. Using [
INTRODUCTION
Several groups, including our own, have reported activation in sublenticular extended amygdala (SLEA) in response to aversive (AV) stimuli, consistent with animal and human lesion studies. Until recently, imaging studies have often associated discrete forebrain regions (such as amygdala and nucleus accumbens) with emotional responses (Breiter et al, 1996; Liberzon et al, 2000; Morris et al, 1997; Phillips et al, 1997; Whalen et al, 1998) ; potentially obscuring an important anatomical continuity. Studies of basic neuroanatomy have demonstrated similar architectonics, connectivity, and neurotransmitter populations in the amygdaloid nuclei, sublenticular nuclei, and the nucleus accumbens, meriting the unifying designation of 'SLEA' (Alheid and Heimer, 1988; de Olmos and Heimer, 1999; Heimer et al, 1997a) . This recent reconceptualization of basal forebrain anatomy is particularly relevant to the study of emotions. For instance, the core of the nucleus accumbens, at the most rostral extension of SLEA, plays a key role in the processing of behavioral rewards (for recent reviews see Kalivas and Nakamura, 1999; Koob, 2000) , and the continuity between the nucleus accumbens and the amygdaloid nuclei suggests the involvement of various elements of SLEA in the processing of both appetitive and aversive stimuli.
The participation of these regions in both aversive and appetitive responses might seem at odds with the view that distinct regions comprising SLEA respond to a particular stimulus valence, for example, the amygdala for aversive responses such as fear (Paradiso et al, 1999) and the nucleus accumbens for appetitive responses such as reward (Elliott et al, 2000) . However, an extensive animal literature provides ample evidence that the amygdaloid nuclei also respond to appetitive, as well as aversive, stimulus qualities (Davis, 1992; Gallagher and Schoenbaum, 1999; Holland and Gallagher, 1999; Kling and Brothers, 1992; Rasia-Filho et al, 2000) , and recent findings implicate the shell of the nucleus accumbens in the processing of fear (Reinolds and Berridge, in press ). In addition, in vivo neuroimaging studies have reported amygdaloid activation in response to positive (POS) and appetitive stimuli (Lane et al, 1997b; Zalla et al, 2000) . Whalen et al (1998) demonstrated that happy faces activated substantia inominata, SLEA structure functionally contiguous with the amygdala, and Hamann et al (Hamann and Mao, 2002) reported amygdaloid activation in response to positive verbal stimuli.
Thus, it is reasonable to propose that structures within SLEA, rather than activating to the specific aversive characteristics of stimuli, respond to more general qualities, such as stimulus salience. A similar interpretation has been proposed by Whalen et al (1998) and by Davis and Whalen (2001) for activation of the substantia inominata in response to emotional faces. Here, we define salient stimuli as those that engage processing because of potential importance for basic biological drives and psychological needs. In prior studies, we have demonstrated activation in SLEA with both aversive and nonaversive (NA) stimuli and hypothesized that the entire region processes emotional salience, irrespective of stimulus valence Taylor et al, 1998) . Unlike emotional facial expressions used by Whalen et al (1998) , which engage the recognition of emotions and/or the detection of dangerous/ ambiguous cues, the visual stimuli we have used, from the International Affective Picture System, are intended to directly elicit the emotion (perception of the emotional stimuli and the experience of emotion). It is not clear whether or not these evocative stimuli will also activate SLEA, irrespective of valence. To further explore the role of the extended amygdala in emotional responses, we examined regional cerebral blood flow (rCBF) responses to pleasant and aversive visual stimuli. Based on the evidence described above, we predicted that positive salient stimuli, as well as aversive stimuli, would activate SLEA.
In addition to basal forebrain activation, emotionally salient stimuli produce consistent modulation of the visual cortex (Kosslyn et al, 1996; Lane et al, 1997b; Lang et al, 1998; Liberzon et al, 2000; Taylor et al, 2000) and the dorsal medial prefrontal cortex (Gusnard et al, 2001; Lane et al, 1997a; Teasdale et al, 1999) . These cortical regions are highly interconnected with the SLEA (Ghashghaei and Barbas, 2001 ) and potentially constitute a functional network that is activated in response to emotional stimuli. Similar to the question raised about SLEA, we ask: Are these regions responding to 'aversiveness' (the predominate choice for emotionally evocative stimuli) or to the salience of the stimuli? Focusing on the visual cortex, Lang et al (1998) addressed this issue in a study with aversive and pleasant visual images. They found visual cortical modulation to both positive and negative stimuli, relative to nonaversive stimuli. However, for the rMPFC, we are not aware of studies using both types of stimuli. In a previous study we have noted dMPFC activation to salient stimuli, in association with cognitive processing of the stimuli. The inverse relations observed between the activations in SLEA and in the dMPFC suggested a possible role for dMPFC in cognitive modulation of emotional responses (Taylor et al, in press ). Therefore, we predicted that both positive and aversive emotional content would modulate activity in visual cortex and dMPFC.
METHODS

Subjects
A total of 10 healthy volunteers (six men, four women, age 27.5 7 8.6 years) without history of major medical, neurological, or psychiatric illness (negative SCID, Spitzer et al, 1988) were recruited through advertisements. All subjects gave written informed consent after explanation of the experimental protocol, as approved by the local Institutional Review Board. Subjects were compensated 150fortheirparticipation:
Stimuli
Three sets of 18 images each were selected from the standardized International Affective Picture System (IAPS), supplemented by our collection (approximately 10% of all images). The three sets consisted of POS pictures (animals, children, food, humor), AV pictures (facial mutilation, wounds, dead bodies), and NA pictures (faces with neutral expressions, benign scenes). A fourth condition (blank condition, BL) consisted of a white fixation cross on a gray background (five different shades). Since processing of faces recruits specific brain regions (Dolan et al, 1996; Haxby et al, 1996) , we matched the sets (POS, AV, NA) with respect to faces and human figures. In addition, to avoid possible differential effects of color composition (ie more red in aversive images), all images were transformed into black and white, and luminance was balanced across the four sets with Photoshop 4.0 (Adobe Systems).
Psychophysiology
Skin conductance and horizontal electro-oculogram (EOG) were recorded using an MP-100 psychophysiological monitoring system (BioPac Systems). Skin conductance was recorded using Ag/AgCl electrodes filled with isotonic electrolyte jelly (KY jelly) attached to the volar surface of the second phalanx of the first and third fingers of the left hand. Waveform peak and integral during image presentation were analyzed, relative to baseline skin conductance (immediately prior to image presentation).
Horizontal EOG was recorded by means of Ag/AgCl electrodes affixed to the lateral canthus. Waveforms were corrected for drift, mean subtracted, and divided by the magnitude of a calibration signal to normalize values. The percentage of time gaze fell outside the bounds of the monitor screen was calculated. The amount of eye movement was quantified as the standard deviation of EOG.
Experimental Protocol
During the scanning sessions, subjects viewed two blocks of images with either pleasant, aversive, or neutral content. Images were displayed consecutively for 5 s each with no interstimulus interval, on a computer monitor suspended 40 cm from the subject at a 151 viewing angle, using SuperLab (Cedrus, Inc.). The first block consisted of neutral stimuli without image acquisition, allowing subjects to adjust to the scanner. During this block, the injection of a small dose (8 mCi) of radiotracer determined arrival time in the brain. The timing block was followed by two identically ordered sets of four blocks from each of the four conditions (POS, AV, NA, BL), with order counterbalanced in a partial Latin square. Subjects were instructed to focus on feelings that they experienced while viewing the pictures. During stimulus presentation, subjects rated images according to a 5-point scale in which 5 corresponded to very unpleasant, and 1 corresponded to very pleasant. For the blank condition, subjects said '3' every time the gray screen changed, which occurred every 5 s.
PET Data Acquisition
The subjects underwent PET scans in a Siemens CTI 931-08/ 12 scanner (CTI Inc., Knoxville, TN), which acquires 15 slices over an axial length of approximately 10 cm. A transmission scan was acquired by external 68 Ge/ 68 Ga ring Data were collected in a single 60 s frame beginning 5 s after the arrival of the radioactivity in the brain. Stimuli presentation began 5 s prior to image acquisition, and continued for the first 30 s of each scan (uptake phase of the tracer), so as to maximize changes in the PET signals associated with the task of interest (Cherry et al, 1993) . The second 30 s of each scan contained blank stimuli from the blank condition.
PET Data Analysis
Analysis of the PET data first employed a standardization process that enabled image averaging within and across subjects. Automated routines proportionally normalized images to the mean of global activity (arbitrarily set to 1000), and individual images within each subject were coregistered to the fourth scan to correct for head movement between scans (usually less than 2 mm translation and less than 21 rotation). A nonlinear transformation was applied to each image to standardize individual anatomy (Minoshima et al, 1992 (Minoshima et al, , 1993 (Minoshima et al, , 1994 . Standardized images were smoothed with a 3D Gaussian filter, yielding a final, effective FWHM of around 14 mm. Difference images were made by subtracting scans obtained in different conditions, and were expressed as Z-scores, using the between-subjects variance (Friston et al, 1991; Worsley et al, 1992) .
We searched for significant activations on the basis of regional a priori hypotheses as well as an image-wide search unconstrained by regional predictions. To test our specific a priori hypothesis, we searched for activation foci, thresholded at po0.01 uncorrected (Z42.33), in the anatomically constrained region covering SLEA bilaterally. We defined the region bounded by the following coordinates from the Talairach and Tournoux atlas: anterior/posterior +15 to À10 mm; inferior/superior À20 to À4 mm; right/left +25 to À25 mm. For the visual cortex and dMPFC, larger regions of the brain than SLEA, we adopted a more conservative of threshold po0.001 for reporting activation foci. Outside a priori regions, we reported activation that exceeded a corrected probability of po0.05, corresponding to a Z-score of around 4.4 for our image sets (28). For post hoc analysis, we used 13.5 mm in diameter, spherical volumes of interest (VOI) to sample individual images at the coordinate locations of selected peaks. The volume of the VOI does not allow one, however, to conclude with certainty that activation peaks within VOI represent exactly the same region, but could originate from two adjacent locations within the VOI. For two subjects, head position precluded analysis of foci in the amygdala and SLEA; therefore, these subjects were not included in the analysis of regions where brain activity was not sampled.
RESULTS
Behavioral and Psychophysiologic Results
Averaged stimulus ratings collected during the PET scans confirmed that our subjects subjectively experienced negative, neutral, and positive affects (4.69 7 0.25, 2.67 7 0.46, 1.01 7 0.05, respectively) as intended (Figure 1 ).
Analysis of EOG data confirmed that subjects scanned the pictures and did not divert their gaze from the aversive pictures. There were more lateral eye movements (trend level) during aversive stimuli presentation (0.152 7 0.013 in units of SD) as compared to nonaversive (0.132 7 0.039) and positive stimuli (0.105 7 0.006) (repeated measure ANOVA effect of condition F (2,7) ¼ 10.34, p ¼ 0.08). Neutral, negatively, and positively valenced stimuli elicited significant increases in skin conductance (21.9 7 9.6 and 23.5 7 11.2, integrated response in mmho 7 SD), respectively, as compared to the baseline, which did not differ however between these conditions (repeated measure ANOVA F (2,7) ¼ 0.89, p ¼ 0.45).
rCBF Results
Activation in limbic regions. As predicted, emotional stimuli, both positive and aversive, activated the SLEA region compared to nonaversive stimuli (see Figure 2 ; AVÀNA: x, y, z ¼ 8, 10, À7, Z ¼ 3.28; POSÀNA: À1, 5, À4, Z ¼ 2.81); while the peaks of the activation foci differed slightly, our hypothesis stated that we would activate the same region for both the POSÀNA and the AVÀNA 
Direct comparison of positive and aversive conditions.
Relative to positive stimuli, aversive stimuli significantly activated larger areas in the visual cortex as expected. Within SLEA, AVÀPOS comparison produced a small activation peak on the right (x ¼ À15, À1, À9, Z ¼ 2.35); however we found no activation in this region in neither AVÀNA nor POSÀNA comparisons. Thus we have elected to conservatively interpret this focus as a false positive. Relative to aversive stimuli, positive stimuli activated a focus in the left frontal pole. However, we noted a deactivation in this region in the AVÀNA comparison (À30, 48, 7, Z ¼ À4.03). Therefore, we performed a VOI analysis of the region for all four conditions ( Figure 5 ). No significant difference between POS and NA conditions was found in this region. Thus, we conclude that the activation found in the POS-AV comparison represents deactivation during the aversive condition.
DISCUSSION
We hypothesized that activity in SLEA, found in response to salient, aversive stimuli, represented a response to salience in general and not stimulus valence. In accord with this hypothesis, both positive and aversive stimuli activated the SLEA region in the current study. Activation of SLEA to aversive stimuli replicates earlier findings Taylor et al, 1998) , while the activation of SLEA to both aversive and positive stimuli is consistent with the notion of a shared network of regions processing positive and negative emotional stimuli (Breiter and Rosen, 1999; Figure 2 Activity increases in limbic regions while viewing aversive and positive stimuli compared to nonaversive stimuli. The figure shows the activity increase for aversive pictures (upper row) and positive pictures (lower row) relative to the nonaversive condition in coronal planes. For both comparisons, activation is depicted as Z-scores on the color scale, displayed for Z41.65 (uncorrected probability of po0.05), mapped onto a reference MRI in atlas coordinates. Numbers below the bottom row correspond to mm anterior/posterior of the anterior commissure. SL: the red arrow points to the peak activity in the SLEA region. Figure 3 Extended amygdala activity in aversive, nonaversive, and positive conditions. The figure depicts activity in 13.5 mm VOI centered on the coordinates of activation peak found in AVÀNA subtraction. Significantly greater activity (p ¼ 0.01) was present during the positive as compared to nonaversive condition. Y-axis represents counts normalized to the mean of global activity, arbitrarily set to 1000.
Neuropsychopharmacology
Extended amygdala and emotional salience: I Liberzon et al Teasdale et al, 1999; Whalen et al, 1998) . The shared network that identifies and classifies stimuli as meaningful to an organism's survival can be a useful component of emotional responses, both positive and negative. Determining whether salient stimuli should be approached or avoided defines the particular valence, for example, positive or negative. This process is potentially more economic, allowing early selection of stimuli that require further attention/actions in an environment with a vast number of potentially important cues. This is also entirely consistent with the concept of a shared central process for the assignment of motivational salience, developed by Berridge and Robinson (1998) . Amygdaloid involvement in processing pleasant stimuli is frequently debated in the imaging literature. The role of the amygdala in fear behaviors is well documented (Davis, 1986; LeDoux et al, 1990; Phillips and LeDoux, 1992) , and a number of neuroimaging studies reported amygdaloid . The bottom row also shows a relative increase in the same region during the blank condition, compared to the AV and NA, suggesting that observed activations are better characterized as deactivations. The imbedded graph depicts activity (normalized to mean of 100) for all four conditions (AV: aversive; POS: pleasant; NA: nonaversive; Bl: blanks) in the left frontal pole (red arrows). Activity was derived from a spherical volume of interest (13.5 mm diameter), centered on coordinates of the activation peak from the POSÀAV subtraction. Surface rendered MRI maps follow the same conventions as Figure 1 .
Extended amygdala and emotional salience:
I Liberzon et al activation with aversive but not pleasant stimuli (Paradiso et al, 1999; Phillips et al, 1997) . Some authors have suggested that phylogenetically newer circuits for detection of pleasure would recruit more cortical brain than a primitive, more limbic, danger-detection system (Paradiso et al, 1999) . However, ingestive and reproductive functions that provide a substrate for appetitive or pleasure detection are as basic and primary as danger detection, and as likely to be mediated by 'primitive' limbic brain as aversive processing. Indeed, animal studies have demonstrated amygdaloid involvement in appetitive or 'pleasant' functions (Holmes and Egan, 1973; Kondo and Yamanouchi, 1995; Murray et al, 1996; Schoenbaum et al, 1998) , and an increasing number of imaging studies have demonstrated amygdaloid activation in response to both pleasant and aversive stimuli (Breiter and Rosen, 1999; Hamann et al, 1999; Whalen et al, 1998; Zalla et al, 2000) . Similarly, a broader role in emotional processing has been demonstrated for other structures within the extended amygdala, such as the nucleus accumbens, that participate in defensive or fear-related behaviors (Beck and Fibiger, 1995; Berridge et al, 1999) as well as in reward-related behaviors. Together these data suggest that the amygdaloid region responds to appetitive as well as aversive stimuli, consistent with a hypothesized role in the response to general stimulus salience. If this conceptualization of the role of extended amygdala region in emotional processing is correct, how does one account for the fact that amygdala is consistently activated by the aversive stimuli in almost all studies, but much less consistently by the pleasant or appetitive stimuli? This is consistent with the concept of negativity bias, whereby aversive stimuli tend to elicit more intense responses than pleasant stimuli (Ito et al, 1998) . Indeed, this is one interpretation of the stronger activation foci for AV-NA in SLEA and the visual cortex. It is also possible that aversive, and potentially dangerous, stimuli, are processed as more immediately salient for survival than positive stimuli that usually signal feeding, procreative, or social opportunities. Thus, while salience detection might be common for all stimuli, the potential impact on immediate survival might have shaped the system evolutionarily to identify aversive stimuli as more salient. Since our intention was to demonstrate common activation for pleasant and aversive stimuli, we sought to find the most intense examples of each valence and did not attempt to match our stimulus sets on arousal. While one could interpret our findings as an effect of 'arousal', the concept of arousal is not really an alternative explanation, but can rather be viewed as overlapping with, or subsumed within, the concept of emotional salience.
A number of additional methodological factors potentially contribute to inconsistent amygdaloid responses to pleasant emotions. The majority of in vivo imaging studies are underpowered, thus limiting the ability to interpret negative findings. In addition, cognitive processing, present in almost all activation studies, decreases emotional activation of the amygdaloid region (Drevets, 1998; Liberzon et al, 2000) , which would affect responses to all stimuli, and could render a weaker signal to positive stimuli undetectable. The concept of pleasant stimuli is often broadly and liberally used in imaging studies. The range includes stimuli that carry incentive salience (food, smell, sexual arousal) (Berridge, 1996) , but also stimuli that are intellectually or aesthetically pleasing (happy faces, beautiful landscapes, etc), and lack direct incentive salience. If SLEA is responsive to incentive salience, stimuli that lack this type of salience would not be expected to activate this region. In the present study, we chose to use IAPS pictures to evoke emotional responses. This specific methodology differs from facial expressions of emotion, such as those used by Whalen et al (1998) in their study, because it directly evokes an emotional response (perception of the stimulus and the subjective experience that follows). Thus, we believe our current findings speak to the role of SLEA in experiencing emotion and not to the proposed roles of this region in detection of ambiguous stimuli or of recognition of emotional expression. On the other hand, it also introduces a confound of complex visual input that is difficult to match in the control condition. We have made a substantial effort to improve this matching (see Methods section), but the potential contribution of visual complexity to the observed activations cannot be entirely discounted. This is particularly true when comparisons to the blank condition are made. However, we note that activations of the dMPFC have been reported for processing emotional material when visual complexity has been matched (Gusnard et al, 2001; Lane et al, 1997a; Taylor et al, 2000; Teasdale et al, 1999) .
The anatomical localization of SLEA activation deserves further comment. It is customary in neuroimaging studies to localize activation to the amygdala if an activation focus falls within specific coordinates. The delineation of a functional continuum between amygdaloid nuclei, SLEA, bed nucleus of stria terminalis (BNST), and the shell of nucleus accumbens (Alheid and Heimer, 1988; de Olmos and Heimer, 1999; Heimer et al, 1997b) suggests that activations in the different parts of extended amygdala might subserve a similar functional role. It is interesting to note that the extended amygdala region is comprised of the shell of the nucleus accumbens, implicated in reward mechanismsFrostrally, and of the amygdaloid nuclei, implicated in fearFcaudally. It is possible that while the extended amygdala processes general stimulus salience, there is also a rostro-caudal gradient within this region, where more rostral components respond to more appetitive stimuli and more caudal structures to aversive stimuli. A rostro-caudal distinction within the nucleus accumbens for fearful vs appetitive responses has been recently proposed by Reinolds and Berridge (in press) based on direct GABA agonist infusion studies.
In addition to SLEA activation, we also noted other areas of activity for pleasant and aversive stimuli. Activation peaks found in dMPFC replicate previous findings (Gusnard et al, 2001; Lane et al, 1997b; Teasdale et al, 1999) , and further support the proposed role for this region in the processing of emotional stimuli. Since all the conditions in the current study included a similar level of cognitive demand (rating the valence), the specific contribution of this region to cognitive modulation of emotional content could not be ascertained. We did find strong modulation of visual cortex by emotional content, replicating previous work using aversive stimuli , as well as work using both positive and negative
Extended amygdala and emotional salience: I Liberzon et al stimuli (Lane et al, 1997a; Paradiso et al, 1999) . We matched our image sets on luminance, and used black and white images, thus making it unlikely that color composition could affect these results. The direct comparison of pleasant with aversive stimuli revealed an activation focus in the left frontal pole (Figure 3) , consistent with the lateralization of valence hypothesis (Davidson, 1995; Natale et al, 1983; Sackeim et al, 1982) . However, the region of interest analysis revealed that activities to pleasant, neutral, and blank stimuli were nearly identical, whereas activity decreased in response to aversive stimuli. This provides empirical support to the possibility that right lateralization during positive emotional experience can stem from the deactivation in the left cortical regions as well as from the activation of the right hemisphere.
We did not find activations in orbitofrontal cortex and cerebellum, as reported by others (Bechara et al, 2000; Davidson and Irwin, 1999; Lane et al, 1997a) . However, it is possible that our study lacked sufficient power to demonstrate activation of these regions with this particular task. We would not venture interpretations about the possible significance of the apparent absence of activation here. Also, some of the activation peaks reached only trend-level significance, and although post hoc ROI analysis confirmed their significance, these findings need to be considered preliminary, requiring future replication. Finally, it is important to keep in mind that in the sublenticular region of the substantia innominata, cholinergic neurons of the cortico-petal system do not belong to the extended amygdala. Hence, any activation of these neurons in the SLEA peaks reported would not constitute activity of the extended amygdala.
In conclusion, the present study has demonstrated sublenticular/extended amygdala involvement in the processing of both aversive and pleasant emotional components of visual stimuli, consistent with our hypothesis of salience detection and attribution. A better understanding of the specific roles of limbic regions in these processes not only allows us to define neuroanatomical networks involved in emotional responses, but is also essential to our ability to address pathological conditions involving emotional dysregulation, for example, psychiatric disorders. In vivo imaging studies, informed by the most recent basic science research, provide a powerful tool to assist us in this process.
